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Abstract—TELEMAC3D offers the user several options 
for turbulence modelling, including Reynolds-Averaged 
Navier-Stokes modelling and Large Eddy Simulation 
based on the Smagorinsky constant model. Complex 
turbulent flow problems can be computed using various 
levels of approximation, yielding a more or less detailed 
description of the flow state. The aim of this work is to 
implement the Wall-Adapting Local Eddy-Viscosity 
(WALE) turbulence model from the existing 
TELEMAC3D code and to compare it to the 
Smagorinsky constant model. There are two major 
advantages associated with the choice of the WALE 
model: firstly, the invariant of the symmetric part of  ̅   
is related to both the strain rate of the turbulent 
structure and the rotation rate. Secondly, it offers a 
proper wall-scaling to get a good prediction of the 
friction coefficient. The aforementioned advantages will 
help improve the representation of the complex 
turbulent flow. Numerical results are benchmarked 
against two experiment tests including the flow around 
a circular cylinder test case and the flow in a U-shape 
bend channel.  
 
 
I. INTRODUTION 
Turbulent flows are commonly encountered in 
engineering and are of considerable interests in a variety of 
industrial applications. In coastal engineering, to resolve the 
combined tides and waves induced by constant changes in 
flows around offshore structures, using a computer model is 
particularly important to coastal protection and development.  
The 3-D module of the TELEMAC suite, i.e. 
TELEMAC3D [1] offers the user several options for 
turbulence modelling. The most widely used approximation 
is based on the Reynolds-averaged Navier-Stokes equations 
(RANS) which has one main drawback: i.e. the fact that all 
the scales are modelled in the same way dispite the fact that 
the small scales tend to depend only on the viscosity whereas 
the large ones are very strongly affected by the boundary 
conditions.  
An alternative to RANS is Large Eddy Simulation (LES). 
It is based on the assumption that the large eddies of the flow 
are dependent on the geometry while the smaller scales more 
universal. The turbulent flow is split into large and small 
parts by a filtering process based on an energy cascade. The 
large eddies are simulated by the calculation, while the small 
eddies are ignored by using a sub grid-scale model. However 
there are two major drawbacks associated with to the choice 
of the Smagorinsky constant model, for instance: firstly, the 
invariant of the symmetric part of   ̅  is only related to the 
strain rate of turbulent structure but not the rotation rate. 
Secondly, it does not offer a proper wall-scaling to get a good 
prediction of the friction coefficient.  
To overcome the aforementioned drawbacks, the 
Wall-Adapting Local Eddy-Viscosity (WALE) turbulence 
model has been developed by Ducros et al. [2] and 
implemented in TELEMAC3D. In order to investigate the 
behaviour of the new turbulence model and examine 
potential factors which affect the results, the Smagorinsky 
constant and WALE models are compared with two 
laboratory scale cases, including the flow around a circular 
cylinder test case of Roulund et al [3] and the flow in a 
U-shape bend channel [4]. 
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II. NUMERICAL MODEL 
A. Governing Equations 
The calculations are performed using the open source 
hydrodynamic suite TELEMAC and more specifically its 
3-D module, TELEMAC3D. It is a three-dimensional 
computational code solving either the hydrostatic or 
non-hydrostatic equations. In this work the hydrostatic 
approximation is used for both the circular cylinder test case 
and the U-shape bend channel case. The code solves the 
three-dimensional mass and momentum conservation 
equations [5] :                    (1)                                        (2)                                        (3)            ሺ    ሻ     ∫           (4) 
where U, V and W are the three-dimensional components 
of velocity;   is the stress tensor;    is the free surface 
elevation and    ,    are source terms. The pressure is 
calculated in Eq. 4 where    and    are the reference 
density (1024kg/m3) and the variation of density respectively. 
The stress tensor is computed as       , in which   is 
the effective viscosity that needs to be computed by a 
turbulence model. 
B. Turbulence Models 
In order to obtain a better representation of complex 
turbulent flows, numerical model is computed using 
Large Eddy Simulation employing two turbulence 
models including the constant Smagorinsky model [6] 
and the ‗Wall-Adapting Local Eddy-Viscosity (WALE)‘ 
model [2]. 
Using the Smagorinsky model, the viscosity is computed 
as:         √                    (5) 
where    is a dimensionless coefficient to be calibrated and ∆ is the mesh size derived in 2-D or 3-D from the surface or 
from the volume of the element. The value of    is set to 0.1 
for after calibration. More details of the constants can be 
found in User Manual [1]. 
In LES, the eddy-viscosity    must not change when the 
frame of reference is changed. Clearly the velocity gradient 
tensor  ̅      ̅    ⁄  is a good choice to represent velocity 
fluctuations at the length scale ∆. The Smagorinsky model is 
based on the second invariant of the symmetric part   ̅  of 
this tensor. However there are two major drawbacks 
associated with this choice: 
 This invariant is only related to the strain rate of the 
turbulent structure but not the rotation rate. 
 It does not offer a proper wall-scaling to get a good 
prediction of the friction coefficient. 
  For the aforementioned reasons, Ducros et al. uses a better 
operator with the traceless symmetric part of the square of 
the velocity gradient tensor as follows:            ( ̅     ̅   )        ̅          (6) 
where  ̅      ̅   ̅   and     is the Kronecker symbol. 
Einstein summation is used here. If  ̅ is used to represent 
the anti-symmetric part of   ̅ :  ̅     (   ̅̅ ̅       ̅̅̅̅   )               (7) 
the tensor      can be rewritten in terms of  ̅ and  ̅ :        ̅   ̅   ̅   ̅        [  ̅   ̅   ̅   ̅  ] (8) 
By construction, the trace of Sd is zero and its second 
invariant remains finite and proportional to         . By using 
the relation above and making use of the Cayley-Hamiltion 
theorem of linear algebra, this quantity can be developed as:            ሺ         ሻ                  (9) 
with the notations:      ̅   ̅ ,     ̅   ̅  ,        ̅   ̅  ̅   ̅   
From the last relation, a LES model based on          will 
detect turbulence structures with either strain rate, rotation 
strain or both. In the case of pure shear (e.g.,  ̅    , 
except  ̅  ), it yields          ̅  and             , so that the considered invariant,         , is zero. 
This point is in agreement with the fact that the shear zones 
contribute to energy dissipation to a smaller extent than 
convergence zones and eddies. Moreover, this means that 
almost no eddy viscosity would be produced in the case of 
wall-bounded laminar flow. Thus the amount of turbulence 
diffusion would be negligible in such a case and 
development of linearly unstable waves would be possible. 
This is a great advantage over the Smagorinsky model. The 
expression for    is computed as:     ቀ        ቁ   ( ̅   ̅  )    ቀ        ቁ                (10) 
 
 
III. CASE I: FLOW AROUND A CIRCULAR CYLINDER 
Both the constant Smagoringsky turbulence model and 
the WALE model are used in the simulation of the flow 
around a circular cylinder and their results compared to the 
laboratory measurement of Roulund et al [3]. 
A. Model Setup 
Following Roulund et al [3], the simulation domain is set 
to be 50 m long by 4 m wide. The bed is assumed to be flat 
with a constant depth of 0.54 m. A cylinder with a diameter 
of 0.53 m (D) is placed at 13 m downstream the inlet as in 
Fig. 1. The computational mesh is generated by the software 
Bluekenue using 47,546 triangle elements in the 2-D 
horizontal plane and 20 non-equally distributed vertical 
layers across the water depth. 
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Figure 5.  The geometry of U-shaped bend Channel. 
   The computational mesh was generated by software 
Bluekenue containing 117,664 elements in 2-D. Thirty 
non-equally distributed layers are used in the vertical 
direction.  
   For the boundary conditions, a constant flow rate of 
0.184m/s at inlet boundary is specified and a prescribed 
water elevation of 0.18m is given at outlet. The walls of the 
flume are set as solid walls. 
B. Results 
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Figure 6.  Comparsion between measured surface elevation and numercial 
results along channel at the inner bank.  
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Figure 7.  Comparsion between measured surface elevation and numercial 
results along channel at the centre. 
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Figure 8.  Comparsion between measured surface elevation and numercial 
results along channel at the outer bank.. 
Figures 6, 7 and 8 compare measured free surface 
elevations with numerical results along the channel at the 
inner bank, the centre and the outer bank respectively. 
Experiment data are represented by ‗+‘ and the numerical 
results obtained by the constant Smagorinsky model and the 
WALE model are displayed by red and blue curves 
respectively. According to the figures, free surface elevations 
show decrease trends from the inlet boundary to the outlet 
boundary throughout the channel. However a small increase 
can be found at the beginning of the curved channel at the 
centre and outer bank.  
Comparing with two numerical results, all three figures 
show a similar feature: the free surface elevation obtained by 
WALE model is slightly lower than that of the constant 
Smagorinsky model at the inlet straight channel (0 m-6 m 
downstream the inlet) and first half of the curved channel (6 
m -12.5 m downstream the inlet). Although both models 
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show similar results at the second half of the curved channel 
(12.5 m – 18 m downstream the inlet), small differences are 
still found at the outlet part. The surface elevation obtained 
by the constant Smagorinsky model is lower than that of the 
WALE model at 18 m-25 m downstream the inlet. 
According to the comparison between numerical results 
and experiment data, the WALE model has a better 
representation of the surface elevation than the constant 
Smagorinsky model at the first half of the test channel (0 
m-12.5 m downstream the inlet). Over-predicted surface 
elevation is found at 12 m – 18 m downstream the inlet by 
both  two models, however it thes difference at outer bank is 
smaller than that at inner bank. At the outlet part (18 m-25 m 
downstream the inlet), both Smagorinsky and WALE models 
show good agreement. Lower surface elevation obtained by 
the constant Smagorinsky model matches experiment better.  
 
V. CONCLUSIONS – FUTURE WORK 
In this study, the behaviour of two turbulence models 
including the constant Smagorinsky model and the WALE 
model is investigated against two laboratory scale cases: the 
flow around a circular cylinder and the flow in a U-shape 
bend channel. In the circular cylinder test case, good 
agreement is observed for both turbulence models in 
front of the cylinder. However behind the cylinder, the 
result of the WALE model is clearly better than that of 
the constant Smagorinsky model. In the U-shaped bend 
channel case, the results of the WALE model match 
experimental data better in the first half of the est channel 
however the constant Smagorinsky model demonstrates a 
slightly better agreement at the outlet part.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Generally, the WALE model is a good turbulence model 
for the type of flows investigated here, according to the 
results of the benchmarks. Big improvement can be found 
when simulating complex turbulent flow close to structure 
walls. 
   The U-bend channel test case will be investigated further 
with a focus on the velocity field, to assess both turbulence 
models. 
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